The preparation of complexes of oxamic acid with Al(III), Ga(III), In(III), Tl(III), Y(III), Fe(III), Mn(II) and V(III) is reported. From the study of the infrared and diffuse reflectance spectra and the magnetic moments (for the complexes of Fe(III), Mn(II) and V(III)) it is concluded that in all complexes the metal ion is coordinated with the carboxyl oxygen and the amidic nitrogen, after the ionization of one of the amidic hydrogens.
Introduction
The metal ions Al(III), Ga(III), In(III) and Tl(III) form octahedral complexes with oxalate ions [1] , acetylacetone and catechol [2] .
Yttrium (III) forms complexes with oxalate ions [3] , acetylacetone [4] and hexafluoroacetylacetone [5] .
Similarly Fe(III), Mn(II) and V(III) form octahedral complexes with oxalic [6] [7] [8] and malonic acids [9, 10] .
Oxamic acid, H2NCOCOOH, may coordinate via both oxygen atoms or one oxygen atom and the nitrogen atom. M. A. Pellingelli et al. [11] reported the synthesis of a complex of oxamic acid with Co(II), in which the Co(II) ion was chelated via the amidic oxygen and one of the carboxylic oxygens. Complexes of oxamic acid with Cu(II), Ni(II), Co(II) and Cr(III) have been prepared [12] in which the metal ion is coordinated to the oxygen of the carboxyl group and to the nitrogen atom after the ionization of one of the amidic hydrogens.
The present paper reports the preparation of the following complexes of oxamic acid, after the ionization (alkaline solution) of one of the amidic hydrogens: 
Experimental
Chromatographically pure oxamic acid was purchased from Koch-Light laboratories, Ltd, and the anhydrous metal chlorides from Alpha Inorganics Co. The IR spectra were obtained using a P. E. Spectrophotometer 577 and KBr pellets.
Magnetic susceptibilities were measured by a Gouy balance of Cahn-Ventron type. Magnetic moments were calculated at 20 °C and diamagnetic corrections were applied.
Diffuse reflectance spectra were recorded in a Unicam S. P. 700 S spectrophotometer, with MgO as the reference material.
Preparation of the complexes
Oxamic acid, 0.03 mole, was dissolved in 40 ml of dimethylsulfoxide (DMSO) and then 0.010 mole of anhydrous metal chloride (0.015 mole in the case of the anhydrous MnCl2) was added to it. The resulting solution was heated for one hour at 45-50 °C with constant stirring (magnetic stirrer). Subsequently, to the solution was added dropwise a concentrated solution of KOH, prepared by the dissolution of solid KOH in 10 ml de-ionized water.
The quantity of KOH added in each case was equivalent for the precipitation of the metal hydroxide from the metal chloride in solution and 50% in excess.
The solutions were heated again for 30 min and the complexes were precipitated after cooling the solutions at room temperature.
The solid complexes were filtered and washed with anhydrous acetone. They were refluxed again in DMSO for 1 h to be freed of unreacted oxamic acid. After the final filtration the compounds were washed several times with anhydrous acetone, dried in vacuum over P4O10 and again dried in vacuum at 80 °C for 24 h. The final pH for the precipitation of the complexes was 8. The results of chemical analysis and the color of the compounds are given in Table I .
The diffuse reflectance bands and the magnetic moments for the chelates of Fe(III), Mn(II) and V(III) are given in Table II . The iron(III) complex exhibits absorption bands at 29.1, 20.3, 15.1 and 10.7 Kcni" 1 in its diffuse reflectance spectrum. Of these the latter two are due to 6 Ai -» 4 T2(G) and 6 Ai -> 4 Ti(G) transitions, respectively, under Oh symmetry [13] . The effective magnetic moment, 5.87 B.M., agrees with the expected value for a high-spin complex. Attempts to dehydrate the complex K2{Mn(C2H03N)2} • 2 H20 were not successful. Its diffuse reflectance spectrum exhibits bands at 29.1, 21.4 and 17.0 Kern -1 which are due to transitions of Mn(II) in octahedral crystal field. The effective magnetic moment, 1.81 B.M., indicates a low-spin complex.
Two absorption bands at 17.3 and 24.0 Kern -1 are detected in the visible spectrum of the complex K3{V(C2H03N)3}. These bands are due to the transitions 3 Tig(F) 3 T2g(F) and 3 Tig(F) -» 3 Tlg(P), respectively, under Oh symmetry.
The IR spectrum of oxamic acid shows two strong absorption bands at 3300 and 3200 cm -1 which are due to the asymmetric and symmetric N-H stretching vibrations of the amido group.
In the complexes these two bands are replaced by a strong single band at 3220 cm -1 for the complexes of Ga(III), In(III), Fe(III) and Mn(II), at 3230 cm-1 for the complexes of Al(III), Tl(III) and Y(III) and 3200 cm-1 for the V(III) complex. This change is an indication of the ionization of the amidic hydrogen, since a similar change occurs when a primary amide is converted to a secondary amide [14] . Usually, the non-hydrogen-bonded secondary amides absorb in the region 3460-3420 cm -1 . The coordination with the metal ions causes a considerable shift to lower frequencies.
Oxamic acid exhibits the OH stretching absorption of the carboxyl group in the region 2800 to 2300 cm -1 by a number of strong to medium bands. These bands disappear after chelation for all the complexes examined.
Oxamic acid also exhibits the asymmetric C=0 stretching vibration at 1730 cm -1 and the two amide bands at 1670 and 1590 cm" 1 .
After complexation the two broad bands at 1730 and 1670 cm -1 are replaced by a strong band at 1660-1630 cm -1 and a medium band at 1690 cm -1 .
The band at 1590 remains unaltered in position and intensity. A remarkable change is observed in the 0-0 deformation vibration of the COOH group of the oxamic acid at 1238 cm -1 . This strong, characteristic band diminishes in intensity very considerably after complexation.
On the basis of the analytical results, the study of the IR and diffuse reflectance spectra and magnetic moments (for the complexes of Fe(III), Mn(II) and V(III)), octahedral structures are proposed for the complexes of the trivalent metal ions and for the complex of Mn(II).
